The number and proportion of older adults are increasing globally, and it is predicted that in 2020, there will be 723 million people worldwide aged 66 and older.
INTRODUCTION
The concept of functional foods is about consuming foods with benefits beyond basic nutritional needs or nutritional adequacy (Martirosyan & Singh, 2015) . Functional foods are designed to improve the metabolic functions and biochemical parameters in the human body and help in preventing noncommunicable diseases such as cardiovascular diseases (CVDs), cancer, diabetes type 2, and osteoporosis. The European Union (EU)-funded Concerted Action on Functional Food Sciences in Europe (FUFOSE) has recently defined functional foods as "foods that have been satisfactorily demonstrated to affect beneficially one or more target functions of the body, beyond adequate nutritional effects, in a way that is relevant to either an improved state of health and wellbeing or reduction of the risk to diseases" (Martirosyan & Singh, 2015) .
The functional food market in recent years is one of the fastest-growing sectors of the global food market and it is projected to increase from about 300 billion U.S. dollars ($) in 2017 to over $440 billion in 2022. According to Euromonitor 2017, the value of the functional food market in Europe reached EUR 117 billion ($129 billion) in 2016, and it is expected to reach over EUR 40 billion (approximately $44 billion) in only EU countries in 2020. The United States is the world's largest functional food market ($60 billion in 2017), and its expected steady 8% per year growth is driven mostly by demand for energy drinks and dairy products (Shahbandeh, 2018) . The Asian functional products market is worth $51 billion, from which about 33% is exported to the U.S. and 20% to the European markets. The worldwide leaders in the production of functional foods are the United States and Japan, and European leaders are Great Britain, France, the Netherlands, Germany, and Spain. Several dominant trends are observed in the global functional food market. In the United States and Japan, functional foods are dominated by drinks (60%) and cereal products (the United States-20%) and confectionery (Japan-15%). The main categories of functional food in EU countries are dairy products (49%) and cereals (30%) (Vicentini, Liberatore, & Mastrocola, 2016) . In western EU countries, almost half of the food is purchased for health reasons. About 50% of the pro-health functional foods are dairy products and about 30% cereal products.
One of the most significant social and economic challenges of the 21st century in Europe, North America, Japan, and Australia is aging. It has been estimated that in 2020, there would be 723 million people worldwide aged 66 and older, and that functional product's consumption becomes more prevalent (United Nations, 2015) . Moreover, by 2080, about 29.5% of Europe's population would be 65 years old or older, further increasing demand for functional foods with anti-aging potentials (Eurostat, 2016) .
Thus, adequate measures should be taken by the healthcare institutions and the food industry to offer products tailored to the needs and demands of older individuals.
AGING-RELATED PHYSIOLOGICAL CHANGES THAT MIGHT AFFECT FUNCTIONAL FOODS CONSUMPTION
Aging is associated with decreased physical activity level and significant changes in body composition. Bone mass, lean body mass, and water content decrease, and fat mass usually increases. These physiological changes may lead to frailty, which affects 7% to 10% of older adults (St-Onge & Gallagher, 2010) . Healthy aging is associated with changes in eating behavior. Physiological changes affecting eating and food digestion include a decrease in the secretion of saliva, stomach and pancreatic juices, insulin, and bile. Consequently, peristaltic movements may slowdown and cause constipation. Older adults may also experience dysphagia or difficulty swallowing foods that affect 7% to 10% of people over 50 years of age (Sura, Madhavan, Carnaby, & Crary, 2012) . For older adults with dysphagia, the main recommendation is to modify texture (foams, soaking foods, or thickened ice), temperature, volume, or viscosity (Cichero, 2018; Payne & Morley, 2018) . Other changes include degenerative changes of the mucous membrane, secretory glands, and muscle tissue of the digestive tract (Granic et al., 2018; Rémond et al., 2015) .
The perception of taste, thirst, and smell declines and might directly influence eating behavior. Decline in the number of taste buds and a subsequent taste dysfunction are associated with diseases such as Alzheimer disease, diabetes, and psychiatric disorders (Hummel, Landis, & Hüttenbrink, 2011) , several medications such as some antibiotics (Schiffman, 2018) , and nutritional deficiencies such as vitamin B6 and zinc deficiency (Feng, Huang, & Wang, 2014; Field & Duizer, 2016) . The greatest taste and smell loss were confirmed in medicated older individuals who consumed the largest number of drugs (Schiffman, 2018) . Changes in the perception of taste are also affected by oral causes such as the presence of dentures or excessive bacterial growth in the mouth (Solemdal, Sandvik, Willumsen, Mowe, & Hummel, 2012) .
Some studies analyzed the impact of age on the recognition thresholds of basic flavors, especially sweet and salty. In some studies, significantly higher thresholds for sucrose (Kennedy, Law, Methven, Mottram, & Gosney, 2010) and sodium chloride (Heft & Robinson, 2010) were found in older than in younger individuals. For example, according to Methven, Allen, Withers, and Gosney (2012) , the salty taste threshold in older adults is often twice higher compared to younger adults. Higher recognition thresholds can cause a natural need for adding sugar and salt to meals. The older individuals frequently become less sensitive to smells, too.
Changes in taste and smell necessitate some sensory modification of functional foods for older adults. Flavor enhancers such as spices and herbs, colorants-especially natural substances masking any off-notes of taste and smell, and ingredients enhancing texture may be incorporated in functional products to intensify their sensory properties (Gupta & Prakash, 2015) .
The challenge in producing functional foods for older adults is not only possible chemical interactions between nutrients but also between common medicines and nutraceuticals added to functional foods. For example, Gupta and Prakash (2015) suggested that because of frequent statins and calcium-channel blockers use by older individuals, grapefruit juice is known for interaction with several drugs, than other types of fruit juice. from indispensable polyunsaturated fatty acids (PUFAs), and the ratio of n-6 to n-3 acids should be 4 to 6:1), and protein 12% to 15% (EFSA NDA Panel, 2010a , 2010b Nowson & O'Connell, 2015) . Meeting the decreased energy needs may pose some risk of unbalanced minerals or vitamins intake. Satisfying the decreased needs for energy may pose some risk of nonbalancing mineral elements or vitamins. In such cases, it is necessary to change the proportions of consumed products, for example, high-fat content and sugar products should be replaced by skimmed dairy products, lean meat, as well as vegetables and fruits (Ahmed & Haboubi, 2010) .
The diet should contain components with the best bioavailability. Daily protein intake should be from 0.83 g to 1.0-1.3 g/kg of body mass/to optimize physical function (EFSA NDA Panel, 2012; Kourkouta, Ouzounakis, Monios, & Iliadis, 2016; Nowson & O'Connell, 2015) . Daily fiber intake should be approximately 25 g (Kourkouta et al., 2016) . It is important to limit energy from simple sugars-to 10% of total energy intake. Normal aging is associated with a decreased perception of thirst that may lead to dehydration. In general, a recommended intake of water is 1 mL/kcal ingested or 30 mL/kg body mass per day.
Aging is often associated with the decline of nutritional status in both hospitalized (Forster & Gariballa, 2005) and homebound older adults (Ahmed & Haboubi, 2010; Lee, Hwang, Artan, Jeong, & Lee, 2015; Leslie & Hankey, 2015) . Despite various attempts to define the risk of underlying factors such as illness, improper nourishment, financial difficulties, and polytherapy, there is a lack of unambiguous standards to diagnose undernourishment, and the prevailing number of existing screening methods has no adequate specificity and sensitivity (Poggiano et al., 2017) .
However, deficiencies associated with unhealthy diet observed in older adults are a strong indication to remind the principles of proper nourishment and to provide adequate education, especially those who are ill and their physicians (Amarya, Singh, & Sabharwal, 2015) .
Decreased needs for energy and several nutrients and appetite associated with aging generate a necessity to produce fortified food and beverages for older adults. Older consumers choose functional products with basic vitaminmineral composition, and with low amounts of energy and certain components such as sugar, cholesterol, and fat. Other products of interest to older adults are functional foods enriched with bioactive substances such as antioxidants, polyphenols, carotenoids, and dietary fiber. These choices are primarily associated with the desire to prevent or lower the risk of diseases prevalent in older people (Gupta & Prakash, 2015) . In contrast, younger consumers pay attention primarily to functional products enriched with substances that increase their physical and mental activity and improve mood, such as protein bars, energy drinks, specialty foods for athletes, bars with added fiber, xylitol sweets and chewing gum, probiotic yogurt drinks, and fruit and herbal teas (Jeżewska-Zychowicz, 2009; Zegan, Michota-Katulska, & Styczeń, 2016) .
FUNCTIONAL FOOD PRODUCTS FOR OLDER INDIVIDUALS
Functional foods targeting older populations are often supplemented with bioactive substances and are expected to decrease the risk of diet-related disorders and diseases such as obesity, type 2 diabetes, hypertension, some types of cancer, and psychosomatic diseases. There are several classifications of functional foods. The most frequently used is the classification into (a) foods or product that naturally contain bioactive substances, (b) processed foods that have been supplemented with bioactive substances during production, and (c) changed foods with an increased content of bioactive components obtained via modification such as genetic engineering and animal feeding (Martirosyan & Singh, 2015) .
The bioactive components are defined as substances of plant, animal, and microbiological origin present naturally in food or added to the food matrix in small quantities (Pérez-Gregorio & Simal-Gándara, 2017) . Examples of bioactive components are dietary fiber; omega-3 PUFAs; phytoestrogens; polyphenols; lycopene; carotenoids such as alpha-and beta-carotene; lutein and zeaxanthin; pre-, pro-, and synbiotics; and plant sterols and stanols (Fiedor & Burda, 2014; Pérez-Gregorio & Simal-Gándara, 2017; Serino & Salazar, 2019; Weaver, 2014) .
Main functions of bioactive components, food groups in which bioactive components are present in significant quantities, and examples of such types of products are described below.
Foods enriched in dietary fiber
Dietary fiber is a group of food components resistant to human digestive enzymes and found mostly in foods of plant origin.
Sources
Foods rich in dietary fiber include cereal products, seeds of leguminous plants, fruits, and vegetables with various amounts and quality of fiber. The main fiber fractions are hemicelluloses, pectins, cellulose, lignin, and -glucans.
Functions
Dietary fiber contributes to lowering the concentration of glucose and cholesterol in the blood by binding bile acids and cholesterol (Evans et al., 2015; McRae, 2017) . Hypocholesterolemic effect of the dietary fiber depends on its source and fractional composition. A beneficial health effect, which is reducing the blood cholesterol level, is associated with water-soluble fiber components such as pectins, plant gums (Plantago psyllium), and -glucans (Vuksan et al., 2011) . Consumption of a diet rich in soluble fiber lowers the risk for CVD, type 2 diabetes, and obesity (Grube, Chong, Lau, & Orzechowski, 2013; Havrlentová et al., 2011) . For example, soluble fiber from oats reduced the accessibility of cholesterol for lipoproteins synthesis and lowered its concentration in the blood (Whitehead, Beck, Tosh, & Wolever, 2014) . Daily supply of 3 g of soluble dietary fiber from oats decreased the total blood cholesterol concentration in people with hypercholesterolemia by 10.5 mg/dL and by 3.4 mg/dL in people with no lipid disorders (Earnshaw, McDade, Chu, Fleige, & Sievenpiper, 2017) .
A meta-analysis (Abumweis, Jew, & Ames, 2010; Ho et al., 2016a) showed that the consumption of barley products orglucan from barley (6 g of soluble fiber of barley for 5 weeks) led to a significant reduction of total cholesterol and lowdensity lipoprotein (LDL) blood cholesterol levels. A systematic review and meta-analysis on the effect of dietary fiber type on blood pressure concluded that diets rich inglucans reduce systolic blood pressure by 2.9 mm Hg, and diastolic blood pressure by 1.5 mm Hg (Evans et al., 2015) . The high viscosity of -glucan was associated with the reduction of postprandial blood glucose levels (Schlörmann & Glei, 2017) . Based on a systematic review of human studies investigating the lowering ability of oat and barley food products on postprandial glucose level, Tosh (2013) concluded that the intake of -glucan (4 g/day) from cereals, especially meals containing barley, significantly reduces the glycemic response.
In recent studies, Ho et al. (2016a) , Yanai et al. (2018) , and Hou et al. (2015) showed a significant association between dietary fiber intake and reduction of LDL-C. However, these studies did not found a significant effect of fiber on highdensity cholesterol (HDL)-C (Table 1 ). According to Yanai and Tada (2018) , from among the 11 meta-analyses, three showed a significant reduction of non-HDL-C caused by dietary fiber intake (Ho et al., 2016a (Ho et al., , 2016b (Ho et al., , 2017 , two metaanalyses showed that dietary fiber intake reduced serum triacylglycerols (TG) (Hollaender, Ross, & Kristensen, 2015; Talati, Baker, Pabilonia, White, & Coleman, 2009) , and six studies did not find a significant influence of dietary fiber intake on serum TG levels (Hartley, May, Loveman, Colquitt, & Rees, 2016; Onakpoya & Heneghan, 2015; Wei et al., 2009; Whitehead et al., 2014; Zhu et al., 2015) .
An unhealthy diet with a low content of dietary fiber is often a cause of chronic constipation, which affects about 30% of adults 65 years old, more commonly, women (Ginsberg, Phillips, Wallace, & Josephson, 2007) . Constipation is usually treated with laxatives (Mamhidir, Ljunggren, Kihlgren, Kihlgren, & Wimo, 2006) but dietary fiber, either naturally present or supplemental, also significantly reduces constipation symptoms. For example, Sturtzel and Elmadfa (2008) showed that enriching diet of 59 to 98 years old adults with oat bran product which contains 8.3 g of fermentable fiber and 9.7 g of no fermentable fiber per 100 g reduced constipation, improved well-being, and reduced the use of laxatives by 59%.
The action of fiber in the human alimentary tract depends to a large extent of its source, ratio of soluble to insoluble fractions, its amount in diet, and degree of hydration. Soluble nonstarch polysaccharides such as pectins and beta-glucans are less effective than insoluble fiber, such as bran, in increasing the stool mass. The increased consumption of cereal foods with a high content of insoluble nonstarch polysaccharides could decrease constipation in older adults (Coffman & Camire, 2017; Kumar, Sinha, Makkar, de Boeck, & Becker, 2012) . However, older adults with dysphagia should carefully increase their fiber intake, as this may aggravate dysphagia symptoms (Sura et al., 2012) .
Products
There are many traditional functional products from cereals, such as oat flakes, bran, groats, and flour available on the market. New products recommended for older individuals are oat milk, fermented milk drinks produced from wholegrain oat flour with Lactobacillus plantarum, and fruit drinks with the 5% addition of oat -glucans. It has been reported that the addition of oat -glucans to probiotic milk-based drinks (0.31% to 0.36%), in addition to their health benefits, increased the growth and stability of Lactobacilli and Bifidobacteria (El Khoury, Cuda, Luhovyy, & Anderson, 2012) . Soluble fiber is used as an ingredient in a jam, dry fermented and bologna sausages, and fish products.
Foods enriched in omega-3 PUFAs
The two major classes of PUFAs are omega-3 and omega-6 FAs (de Goede, Geleijnse, M., Kromhout, & Verschuren, 2010) . Omega-3 FAs supplementation benefits the cardiovascular system in both patients with CVD and healthy individuals. More specifically, it has been shown that eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids, omega-3 FA from oily fish, and alpha-linolenic acid (ALA) from foods of plant origin slightly reduced serum triglyceride and raised HDL concentration (Abdelhamid et al., 2018) .
Sources
A significant source of omega-3 FA are fish, such as herring, bluefish, mackerel, sardines, salmon, tuna, trout, and oil from anchovy. Major plant sources of ALA are flaxseeds, chia seeds, canola and soybean oil, walnuts, algae, sea buckthorn (Hippophaë rhamnoides), camelina (Camelina sativa), and avocados.
T A B L E 1
The effect of -glucan-rich barley and oat products on biomarkers of lipid and glucose metabolism (meta-analyses)
Intervention
Number of studies 
Functions
PUFAs are indispensable for the brain, heart, and other organs' development and function, especially in infancy and older age (Nestel et al., 2015) . High dosages of omega-3 FA (>4 g/day) from marine food sources lowered the concentration of triglycerides in the blood by 9% to 26% in individuals with normolipidemia to borderline hyperlipidemia and small anti-arrhythmic and hypotensive effect (Leslie, Cohen, Liddle, Robinson, & Ma, 2015) . Dietary recommendations for omega-3 FA and PUFA for older adults with no myocardial ischemia are to consume oily fish twice a week and food rich in ALA, such as plant oils and nuts daily (Sioen, van Lieshout, & Eilander, 2017) . Studies investigating the lipid-lowering effects of omega-3 FA by dietary intervention showed the LDL-level reducing effect of flaxseed bread in menopausal women (Dodin et al., 2005) or ground flaxseed (6 g/day of ALA) while elevating the TG level adults aged 18 to 29 or 45 to 69 years (Patenaude et al., 2009 ). However, a recent meta-analysis documented that increasing EPA and DHA has only a little or no effect on all-cause mortality and cardiovascular health and particularly to the prevalence of cardiovascular death, coronary deaths or events, stroke, or heart irregularities (Sioen et al., 2017) . Also, higher intake of ALA (for example, from enriched margarine or walnuts) may slightly decrease the risk for some heart and circulatory diseases, but makes little or no difference to all-cause, cardiovascular or coronary deaths, or coronary incidents, and no duration or dose effects were confirmed in meta-regression or subgrouping (Abdelhamid et al., 2018) . The preventive effects of omega-3 PUFAs in human interventional trials were confirmed for doses of 2.0 g/day, which corresponds to about 0.03 g/kg body weight in a person weighing 70 kg (Weylandt, Serini, & Chen, 2015) .
Additional dietary recommendations are related to the ratio of omega-3 and omega-6 FA in the diet. According to FAO⁄WHO, the recommended ratio of essential omega-6 to omega-3 FA in a healthy diet is 4 to 5:1 (Gogus & Smith, 2010) . In older persons (>50 years old) affected by a mild memory disorder or Alzheimer's disease, supplementing the diet with DHA and EPA might improve health and regeneration of the nerve cell membrane, which slows down aging processes of the brain (Yurko-Mauro, Alexander, & Van Elswyk, 2015) . However, excessive supply of omega-6 FA in the diet may limit the cognitive abilities of older individuals (Table 2) . Besides, the omega-6 to omega-3 FA ratio is an important factor in increasing the obesity using eicosanoid metabolites and by affecting activity of the cannabinoid system. This effect can be reversed by increased intake of EPA and DHA (Simopoulos, 2016) . Thus, an adequate ratio of omega-6 to omega-3 FA (1 to 2:1) is important factor in obesity prevention and treatment (Simopoulos, 2016) .
PUFAs have also been described as having neuronal protective functions and providing benefits in the prevention of dementia (Eriksdotter et al., 2015; Phillips, Childs, Calder, & Rogers, 2012; Yanai, 2017) . Some intervention studies conducted in older adults (62 to 83 years old) have shown beneficial association between omega-3 PUFA supplementation and dementia (Boespflug, McNamara, Eliassen, Schidler, & Krikorian, 2016; Eriksdotter et al., 2015; Sinn et al., 2012) , but others do not confirm it (Geleijnse, Giltay, & Kromhout, , 2008) . Similarly, some observational studies showed the association between the low PUFAs level in blood serum and the development of dementia (Phillips et al., 2012) , but others did not find it (Ammann et al., 2013; Kroger et al., 2009 ). It has been postulated that long-term intake of higher doses of omega-3 FA is beneficial for patients with mild memory and cognitive impairment, but the epidemiological evidence is very limited (Yanai, 2017) .
Although numerous studies confirmed the health benefits of omega-3 PUFA supplementation, the effect of omega-3 PUFA-fortified foods on human health still requires more research, particularly in older adults. The review by describes five randomized controlled trials (RCTs) showing beneficial lipid profile alterations and suggesting a decreased risk of atherosclerosis caused by omega-3 PUFA supplementation, but none of the RCTs included participants 65 years old or older. Another study (Tholstrup, Hellgren, & Petersen, 2004) , which included 16 males aged 35 to 75 years, demonstrated similar effects, including lowering serum TG level and increasing the LDL particle size. Nevertheless, a current consensus is that diet enriched with omega-3 FAs is likely to be beneficial in primary CVD prevention (Abdelhamid et al., 2018) . Current reviews of the omega-3 PUFA research literature show that although health benefits, mainly by decreasing inflammation and proliferation in different tissues, were found in animal and in vitro studies, the outcomes of human studies remain controversial (Weylandt et al., 2015) .
Products
Functional food products enriched with omega-3 FA have been present on the European market since 1995 and are also produced in the United States, Japan, South Korea, Australia, and Canada. Fish oil containing DHA and EPA is added frequently to food products such as oils, margarine, bread, bread spreads, pasta and spaghetti, chocolate, milk drinks, and fruit juices (Kolanowski & Laufenberg, 2006) . A specific limitation in the production of products with fish oil is oxidative and sensory changes occurring during storage. Fish oil is also added to the farm animals' forage, which causes the increase of the long-chain omega-3 FAs content in eggs, milk, or meat fat, allowing them to be classified as functional foods (Bourre, 2005) .
Foods rich in components with estrogenic activity
Phytoestrogens are plant compounds synthesized from phenylpropanoids and simple phenols with structural similarity to estrogens and affinity to estrogen receptors. Major groups of phytoestrogens are isoflavones, coumestans, and lignans (Rietjens, Louisse, & Beekmann, 2017) .
Sources
Major sources of isoflavones are soybeans and its products containing from approximately 3.3 to 12.2 mg/g, and red clover (He & Chen, 2013 ).
Functions
Major isoflavones such as genistein, daidzein, glycitein, biochanin A, and formononetin are converted in the digestive tract to compounds with some hormonal activity. In women, during menopausal and postmenopausal periods, phytoestrogens act as weak estrogens, mitigating the symptoms of the menopausal heat flushes and insomnia (Chen, Erh, Chou, & Cheng, 2012) . Isoflavones display either estrogenic or antiestrogenic effects depending on the serum estradiol concentration. Isoflavones showed estrogenic effects when the endogenous estradiol concentration is low; otherwise, they might have an anti-estrogenic effect (Ding et al., 2016) . Isoflavones can also improve hyperglycemia, glucose tolerance, and circulating insulin concentration (Babu, Liu, & Gilbert, 2013; Kushwaha, 2014) . Estrogen has been shown to increase insulin sensitivity in the liver and promotes pancreas -cell proliferation and differentiation. It also affects appetite and energy expenditure by regulating of leptin and ghrelin secretion mechanism and muscle glucose disposal by upregulating expression of glucose transporter-4 and proteins involving the insulin signaling pathway (Babu et al., 2013; Barros & Gustafsson, 2011; Ding et al., 2016) . The results from three large cohorts in the United States revealed that consumption of isoflavones was associated with a small reduction in the risk of type-2 diabetes, but tofu or soy milk did not show such association (Ding et al., 2016) . Brink et al. (2008) conducted a 1-year RCT in 237 healthy early postmenopausal white women (age: 53 ± 3 years) who consumed biscuits or bars enriched with 110 mg/day of soy isoflavone aglycone equivalents. The study showed that soy isoflavones had no effect on bone loss and did not affect bone turnover or hormonal status. Kurahashi et al. (2007) in prospective study examined the association between intake of isoflavone and the prostate cancer risk in a cohort of Japanese men. They realized that intake of isoflavone was associated with a decreased risk of localized cancer of prostate.
Two RCTs were comparing pasta enriched with isoflavone aglycones from soy germ with traditional pasta in patients with type 2 diabetes mellitus. The studies showed that consuming a diet with the enriched pasta for eight weeks improved the endothelial function and had beneficial effects on cardiovascular risk markers as well as diabetic gastropathy in older adults (62.7 ± 2.3 years old) with type 2 diabetes (Clerici, Setchell, & Battezzati, 2007) . A similar study performed by the same team in 62 adults with hypercholesterolemia showed positive effects of a diet with isoflavone-enriched pasta on arterial stiffness, which were reversed when the diet was discontinued (Clerici et al., 2011). 
Potential risk
There is still controversy related to benefits of isoflavones and other phytoestrogens intake (Andres, Abraham, Appel, & Lampen, 2011), because they may disrupt in the endocrine system causing adverse health effects (Rietjens et al., 2017) . European Food Safety Authority (EFSA) published data indicating that intake of isoflavones from food supplements by menopausal and postmenopausal women might be associated with negative effects for uterus, the mammary glands, and thyroid. The adverse effects of soy isoflavones on the uterus of postmenopausal women were not confirmed and there was no clear evidence on their effect on uterine cancer in perimenopausal women (EFSA, 2015) . The discrepancy among in vitro, animal, and epidemiological studies indicating the adverse effect and clinical studies suggesting the absence of adverse effects might be caused by the differences in methodology. Also, the study results could be affected by age, health status, and the characteristics of gut microflora in the study population (Rietjens et al., 2017) .
Products
In Asia, because soybeans products are a common diet component, consumption of isoflavones, the main phytoestrogens in soybeans, is 10 times higher than it is in other countries (He & Chen, 2013) . Primary dietary sources of isoflavones in the diet are soybean-based functional foods such as tofu, miso, tempeh, soy sauce, soy flour, soy beverages, soymilk, soy nuts, soy sprouts, and soybean oil. In Western Europe, where soy products are less popular, the most frequently consumed phytoestrogens are lignans present in whole-grain cereal products, especially rye, and in products with added flaxseeds, for example, linseed bread (Hanna, O'Neill, & Lyons-Wall, 2010; Kuan-I et al., 2012) . Other functional foods containing isoflavones are soybean-based food alternatives to dairy and meat products such as soy bacon, cheese, "chicken-less" nuggets, corn dogs, hamburgers, hot dogs, cereal bars, and ice cream.
Foods enriched with natural antioxidants
In humans, oxidative stress has a significant role in the development of cancer, CVD, arthritis, autoimmune, and neurodegenerative diseases. For example, the processes of lipids and lipoproteins oxidation, especially the LDL fraction, significantly contribute to atherosclerotic changes in humans (Tomkin & Owens, 2012) . A vital role in preventing these changes is performed by vitamins A, C, and E, and by flavonoids (Gilbert, 2013; Pérez-Gregorio & Simal-Gándara, 2017; Rizvi et al., 2014) . Thus, enriching the diet with antioxidant substances that "capture" free radicals might play an important role in delaying cardiovascular and neurological system diseases, some cancers, cataracts, and other noncommunicable diseases prevalent in older adults (Liguori et al., 2018; Pellegrino, 2016) .
Sources
The main dietary sources of flavonoids and vitamins A, C, and E are vegetables (for example, onions, tomatoes, peppers, and broccoli), fruits (for example, citrus fruits, apples, berries, black currants, and grapes), some cereals and spices (for example, turmeric), red wine, tea (especially green), coffee, and cocoa. Particularly rich in flavonoids are red wine, pomegranate, cranberry and grapefruit juice, and dark bitter chocolate (>70% cocoa) (Pandey & Rizvi, 2009 ).
Functions
In clinical studies, assessing antioxidative and antiinflammatory properties of fruit juices, pomegranate juice (100 cc/day for 1 year) (Hosseini, Saedisomeolia, Wood, Yaseri, & Tavasoli, 2016) , and concentrated pomegranate juice (50 g/day for 4 weeks) (Shishehbor et al., 2016) decreased interleukin-6 (IL-6) level (Hosseini et al., 2016; Shema-Didi et al., 2013; Shishehbor et al., 2016) or decreased lipid and protein oxidation markers levels (Hosseini et al., 2016; Shema-Didi et al., 2012) in patients with type 2 diabetes (Shishehbor et al., 2016) , patients on hemodialysis (Shema-Didi et al., 2012 , and overweight or obese adults (Hosseini et al., 2016; Serafini & Peluso, 2016) . Cranberry juice (700 mL/day for 60 days in a parallel design) significantly reduced lipid and protein oxidation markers levels and increased the anti-inflammatory adiponectin level in patients with metabolic syndrome (Simão et al., 2013) .
Consumption of 50 g/day freeze-dried strawberries for 6 weeks decreased c-reactive protein and malondialdehyde plasma concentration and increased nonenzymatic antioxidant capacity in patients aged 51.6 ± 10 years with diabetes type 2 (Moazen et al., 2013) . On a cellular level, strawberry tree honey (STH) showed the antiproliferative effects in human colon adenocarcinoma (HCT-116) and metastatic (LoVo) cancer cells (Afrin, Giampieri, et al., 2019) . The treatment of STH in dose of 9 to 12 mg/mL significantly increased intercellular reactive oxygen species (ROS) generation in HCT-116 cells (up to 20% vs. 5% in control cells) and in LoVo cells in dose 20 to 30 mg/mL (up to 33% vs. 6% in control cells). The relatively high concentrations of STH (9 to 12 mg/mL) were highly toxic to the colon cancer cells but caused no or slight changes in noncancer cells (Afrin, Giampieri, et al., 2019) . In a study by Hsu et al. (2007) , green tea extract given in two doses (455 and 910 mg/day) to patients 60.1 ± 14.8 years old on hemodialysis was associated with reduced concentration of peroxidation markers and pro-inflammatory cytokines (IL-8 and tumor necrosis factor alpha) and C-reactive protein (CRP) both after acute and chronic extract consumption. Selvi, Sridhar, Swaminathan, and Sripradha (2015) in a 4-week study conducted in patients 47 ± 7.2 years old patients with diabetes type 2 with turmeric (2 g/day) as a source of antioxidants and in addition to a stan-dard metformin therapy found a significantly reduced lipid peroxidation, plasma malondialdehyde (MDA), and CRP and increased total antioxidant status. The antiproliferative capacity of anthocyanins-rich extract obtained from leaves of Ocimum basilicum var. purpurascens was confirmed in HeL (cervical carcinoma) and HepG2 (hepatocellular carcinoma) tumor cell lines. The GI50 values (a concentration that inhibited 50% of cell growth) were 213 ± 9 μg/mL and 198 ± 9 μg/mL, respectively (Fernandes, Pereira, Prieto, & Ferreira, 2019) . The anthocyanin-rich extract from Schott fruits (Rubus ulmifolius) showed antimicrobial and antitumor potential in some tumor cell lines and maintained its properties when added to a bakery product (da Silva et al., 2019) .
Antioxidant activity of flavonoids occurs via various mechanisms based on scavenging of oxygen and its reactive forms (ROS) in cells through inhibition of the enzymes taking part in the ROS formation (for example, xanthine oxidase, membrane NAD(P)H oxidase, and myeloperoxidases), thus limiting their production (Maurya & Rizvi, 2009; Pandey & Rizvi, 2009; Shahidi & Ambigapalain, 2015) . Recent studies have shown the beneficial effect of extracts from ground pistachio kernels (5 mg/mL for 48 and 72 hr on the induction of intracellular generation of ROS and a decrease in the viability of MCF-7 breast cancer cells). These extracts could be used in combination with chemotherapy as a "natural adjuvant." Because of their good sensory properties, the extracts may be added to new products with increased health benefits .
Flavonoids can affect oxidative stress by preserving the hemodynamic and biochemical functions of the cell. They indirectly chelate copper and iron ions, which prevents the formation of hydroxyl radicals, interrupts the free radical reactions cascade in enzymatic and nonenzymatic lipid peroxidation, and protects low molecular weight antioxidants (for example, ascorbate in the cytosol and -tocopherol in biological membranes) against oxidation. Thus, flavonoids could potentially decrease the risk for CVD, neurological diseases, some cancers, and diabetes type 2 (Pérez-Gregorio & Simal-Gándara, 2017).
However, the role of polyphenols in decreasing the CVD risk is inconclusive because of the heterogeneity of findings across human studies (Rienks, Barbaresko, & Nöthlings, 2017) . Among the reasons for inconsistency is assessing polyphenols intake using different databases, such as the USDA database (Bhagwat, Haytowitz, Wasswa-Kintu, & Holden, 2013) and Phenol-Explorer (Spencer, Abd El Mohsen, Minihane, & Mathers, 2008) . These databases contain a limited number of products with the polyphenol content assessed using different analytical methods and without accounting for changes in climate, soil, or storage (Spencer et al., 2008) .
Several studies investigated the association between polyphenol intake biomarkers and CVD and mortality in older individuals (Semba et al., 2014; Zamora-Ros et al., 2011) . For example, a prospective study with 807 participants over 65 years of age observed a 30% decreased mortality risk in individuals with higher total urinary polyphenol (Zamora-Ros et al., 2011) . In a cross-sectional study of a cohort of older adults (n = 573, 67.2 years old), at high CVD risk, a higher intake of polyphenol was inversely associated with body weight ( = −1.004; 95% CI [−1.634, −0.375], p = .002) suggesting that it may be contributing factor to the body weight reduction in older adults (Guo et al., 2017) .
Resveratrol, a well-known phenolic compound with the high antioxidant activity present in red wine, reduces oxidative stress, inhibits vascular inflammation, has a protective cardiovascular effect, and according to some research, reduces blood pressure (Pérez-Gregorio & Simal-Gándara, 2017). However, in a prospective 7-years study with 783 participants 65 years and older, no associations were found between resveratrol (7.08 nmol/g of creatinine) and decreased mortality risk (Semba et al., 2014) . The study concluded that resveratrol at levels present in the Western-type diet did not have a significant influence on health status (markers of inflammation, CVD, or cancer) and mortality risk in this population (Semba et al., 2014) .
Potential risk
Some studies showed that supplementation with natural antioxidants is not always associated with achieving measurable health benefits. The Selenium and Vitamin E Cancer Prevention Trial, which included over 35,000 men, 50 years old and older, showed that taking vitamin E and selenium supplements did not protect against prostate cancer development. A longer follow-up of study participants found that compared to placebo vitamin E without additional selenium supplementation increased the prostate cancer occurrence by 17% (Klein, Thompson, & Tangen, 2011) .
In a study of over 8,000 women aged 40 years old or older at high risk for CVD, supplementing their diet with vitamin C, vitamin E, or beta-carotene did not show beneficial effects on cardiovascular events. In another study of women at high risk for CVD (n = 1,450, 65 years old or older), diet supplementation with antioxidants did not slowdown the prevalence of cardiovascular events (Cook et al., 2007) . Similarly, a study of over 14,000 men aged 50 and older did not find an effect of supplementation with vitamin E and C on reducing the risk of heart attack, stroke, or death from CVD (Sesso et al., 2008) . Also, vitamin E supplementation was associated with increasing the risk of hemorrhagic stroke (Sesso et al., 2008) .
It has been postulated that lower effectiveness of vitamin supplements and antioxidant ingredients compared to those present in naturally in foods might be caused by chemical differences between them. For example, vitamin E supplements typically contain only alpha-tocopherol, whereas foods con-tain eight chemical forms of vitamin E (Cook et al., 2007; Sesso et al., 2008) . Besides, the beneficial health effects of antioxidants may be combined with the effect of other substances present in the same food or diet.
The presence of polyphenols in food does not guarantee their absorption and bioavailability; therefore, these features should be an effective selection criterion for plant breeding (Ariza et al., 2018; Pérez-Gregorio, Regueiro, Simal-Gándara, Rodrigues, & Almeida, 2014) . Polyphenols may also be the reason of anti-nutritional effects caused by their interactions with some enzymes and proteins in a food product. Byproducts of the interactions can alter some sensory and physical-chemical properties of foods prompting development of new products. However, before making such decision, a mechanism(s) of the interaction(s) between polyphenol(s) and protein(s) should be elucidated (Perez-Gregorio & Simal-Gandara, 2017).
Products
The most common functional foods enriched in flavonoids are drinks, fruit juices, vegetable juices, margarine, and breakfast cereals. Similarly, vitamin C alone or combined with vitamins A and E is frequently added to food products such as vegetable juices, milk drinks, margarine, and cereal grains (for example, breakfast cereals and pasta).
Foods enriched in lutein and zeaxanthin
Lutein and zeaxanthin are dietary carotenoids that are important factors in eye health as well as preventing age-related cataracts and macular degeneration (AMD) (Abdel-Aal, Akhtar, Zaheer, & Ali, 2013; Bone, Landrum, Beatty, & Nolan, 2011). 
Sources
Lutein and zeaxanthin are synthesized and present in the green leafy, yellow, and orange vegetables, corn, some wheat species, and in smaller amounts in some fruits (Perry, Rasmussen, & Johnson, 2009 ). The primary dietary sources of lutein are spinach, kale, parsley, romaine lettuce, and egg yolk. The content of trans-lutein in vegetables ranges from 208 μg/100 g in orange pepper to over 12,640 μg/100 g in cooked spinach and cis-lutein from 99 μg/100 g in cooked egg yolk to 864 μg/100 g of cooked spinach. The highest content of trans-zeaxanthin was found in scallions cooked in oil (2,488 μg/100 g; Table 3 ).
Functions
In the human body, lutein can react with free radicals and protects the LDL against oxidative processes, associated with the risk of atherosclerosis and ischemic heart disease (Ribaya- Mercado & Blumberg, 2004) . The carotenoids, especially lutein, are essential in the prophylaxis of age-related eyesight deterioration such as AMD and cataracts (Johnson, 2014) .
It is estimated that one in 10 persons aged 65 to 75 years suffers from secondary vision disorders (Sin, Liu, & Lam, 2013) . Lutein from eggs is three times better bioavailable by humans, compared to lutein from other sources (Abdel-Aal et al., 2013) . For example, in a 12-week study of 20 adults, consuming three eggs per day caused the increase in the blood serum concentration of lutein and zeaxanthin by 21% and 48%, respectively (Blesso, Andersen, Bolling, & Fernandez, 2013) .
In a prospective study in the United States involving 15 patients with AMD, regular intake of 4 mg lutein per day resulted in improved visual acuity and increased xanthophyll content in the macula (Bernstein et al., 2001) . Epidemiological studies point to the association between high lutein intake and a decrease in the risk of cataracts and AMD (Khachik, 2006; Ribaya-Mercado & Blumberg, 2004) . Bernstein et al. (2002) reported that the patients with AMD who consumed lutein supplements (≥4 mg/day) had normal range of macular pigment levels, but these levels were 32% lower in the patients with AMD who did not consume lutein supplements. In another study, intake of reach in lutein spinach or collard greens for more than 5 times/week compared to less than once a month was associated with a substantially lower risk for neovascular AMD (Ribaya-Mercado & Blumberg, 2004) .
Products
Eggs and eggs products, and corn products such as cornmeal, cornflour, cornflakes, and canned corn are good sources of lutein and zeaxanthin. They are used in the production of cereal-based functional foods targeting older populations.
Foods supplemented with probiotics and prebiotics
Probiotics are defined as single or mixed cultures of live microorganisms, which, when ingested in adequate amounts, can alter intestinal microbiota and provide some health benefits to the host (Tiihonen, Ouwehand, & Rautonen, 2010) . Probiotic products contain live microorganisms in quantity above the dose recommended to obtain health benefits (5 × 10 9 CFU/day for 5 days) (Gupta & Garg, 2009 ). Prebiotics are defined as food components, which can selectively stimulate the growth and/or activity of intestinal bacteria strains capable of fermenting them, for example, nondigested starch, oligosaccharides, and nonstarch polysaccharides (Upadhyay & Moudgal, 2012) . Synbiotics contain both pro-and prebiotics and show pro-health activity resulting from the synergistic activity of the two components (Scholz-Ahrens et al., 2016) .
Sources
The most common probiotics including strains of Lactobacillus and/or Bifidobacterium and less frequently Escherichia, Enterococcus, or Bacillus are yogurts, kefir, buttermilk, acidophilus milk, fermented cabbage, pickles, tempeh, miso, and kombucha (Zawistowska-Rojek, Zaręba, Mrówka, & Tyski, 2016) . Recognized as prebiotics are nondigestible oligosaccharides such as fructooligosaccharides (inulin), galactooligosaccharides, xylooligosaccharides, cyclodextrins, and lactulose. The familiar sources of oligosaccharides are chicory root, Jerusalem artichoke, raw garlic, onions, and whole wheat foods (Al-Sherajiae et al., 2013; Kuntz, Fiates, & TeIxeira, 2013 ).
Functions
Probiotic use has been associated with improved immune function and probiotics have been used in the treatment of gastrointestinal disorders such as constipation, diarrhea, and managing of Crohn's Disease, irritable bowel syndrome (IBS), and diverticular disease. Probiotics improved microbiota composition. The health benefits associated with a specific probiotic strain may not necessarily be extrapolated to another strain. That is why it is necessary to state which strain has been introduced into fermented products. The health benefits associated with probiotics require a proper balance of microflora in the digestive system (Clements & Carding, 2018; Pandey, Naik, & Vakil, 2015; Stavropoulou & Bezirtzoglou, 2019) .
A RCT in which participants (n = 51, 65 years old and older) received a mixture of three Lactobacillus sp. strains for 2 weeks found and improved microbiota composition and mucosal functions in the treatment group characteristic to young and healthy adults (Ouwehand, Tiihonen, Saarinen, Putaala, & Rautonen, 2009 ). In another multicenter RCT, Guyonnet, Chassany, and Ducrotte (2007) showed that adults with IBS and digestive discomfort (n = 276, age range from 18 to 65) getting a Bifidobacterium lactis strain for 6 weeks self-reported improvement in the IBS symptoms and quality of life. Canella, Savina, and Donini (2009) , on the base of several studies on health benefits of probiotic yogurt and drinks, suggested that probiotic products could be an optimal treatment for older people with digestive discomfort.
Probiotics also showed the ability to modulate the immune system. For example, a clinical study mentioned above (Ouwehand et al., 2009 ) found a modest increase in prostaglandin E2 but no changes in IgA levels in older adults (n = 51, 65 years and older) using the probiotic strain Lactobacillus acidophilus.
Probiotics also have been associated with a reduced risk of urinary tract infections, hypertension, and colon cancer; they have cholesterol-lowering properties and might prevent allergies (Gupta & Garg, 2009; Tiihonen et al., 2010) . Some studies investigated the association of dominant gut bacteria strains and increased susceptibility to overweight and obesity (Vrieze, Holleman, & Zoetenda, 2010) . For example, a higher abundance of Firmicutes and the ratio of Firmicutes to Bacteroidetes seemed to be higher in women than in men and that these disparities might have been influenced by the obesity grade (Haro, Rangel-Zúñiga, Alcalá-Díaz, & Al., 2016) . In another study, some Bifidobacterium or Lactobacillus species such as Bifidobacterium animalis were associated with a healthy weight and other such as Lactobacillus reuteri were associated with increased body weight, suggesting that gut microbiota composition is associated with body weight and obesity at the species level (Million, Maraninchi, & Henry, 2012) . However, a recent review concluded that although obesity shows some association with different profiles of gut microbiota, the evidence is not consistent enough to suggest the apparent association between obesity and microbial composition of the gastrointestinal tract (Castaner et al., 2018) .
It is considered beneficial if probiotics are accompanied by prebiotics in the diet because they may stimulate growth in the number of bifidobacteria, which are significantly decreased in 55 to 60 years old adults (Pandey et al., 2015) . The health claim made for prebiotics is that they stimulate beneficial digestive activities, including growth in the number of bifidobacteria. Some prebiotics such as inulin are not hydrolyzed in the human gastrointestinal tract but have other properties beneficial to humans, serving as the fat replacement. Another prebiotic, fructans, facilitate absorption of calcium, magnesium, iron, zinc, copper, and phosphorus (Abrams et al., 2007) . The dosage of fructans facilitating the prebiotic effect is between 4 and 8 g per day (Gibson et al., 2010) .
Combining pro-and prebiotics in the diet of older adults has benefits such as the ability to increase the growth of bifidobacteria in the intestinal tract. An increased number of bifidobacteria result in an increased quantity of bacterial folic acid, vitamins B 1 , B 2 , B 6 , and nicotinic acid. Thus, bifidobacteria may be a source of essential nutrients and support preventive measures and medical treatments of gastrointestinal diseases (Shoaib et al., 2016) .
The accepted daily intake of another class of prebiotics, fructooligosaccharides, should not be higher than 20 g/day for adults, and 4.2 g/day for infants younger than 1 year of age (Ten Bruggencate, Bovee-Oudenhoven, Lettink-Wissink, Katan, & van der Meer, 2006) , because of side effects such as intestinal gas (flatulence), intestinal noises, bloating stomach cramps, and diarrhea (Osama, 2018) . In a study by Lewis, Burmeister, and Brazier (2005) in 142 patients 18 years and older with Clostridium difficile-induced diarrhea, daily consumption of 12 g of oligofructose compared to placebo reduced the incidence of diarrhea. Boutron-Ruault et al. (2005) showed that feeding patients with or without colorectal adenomas with short-chain fructooligosaccharides (10 g/day) resulted in positive effects on fecal and blood biomarkers in both groups suggesting some effect on the colonic environment, which may contribute into the prevention of colorectal cancer. According to Rafter et al. (2007) , a mixture of oligofructose and inulin ingested for 12 weeks significantly reduced colorectal cell proliferation and genotoxicity and improved function of the intestinal barrier (n = 34, age >60 years).
Products
The biggest group of products with probiotics includes fermented dairy products (yogurt, kefir, buttermilk, and others), cheeses, and kombucha. Probiotic bacteria are present in some other food products such as ice cream, frozen desserts, fermented fruit, vegetable juices (Zaręba & Ziarno, 2011) , and fermented meats (Kołożyn-Krajewska & Dolatowski, 2009 ). Probiotic bacteria are added to sweets such as jelly candies with the addition of yogurt or chocolate and chocolate products supplemented with lyophilized microorganisms, cereal juices, frozen yogurt, candy bars, cookies, and granola. Some probiotics are available as pills or capsules. New products are drinks containing probiotic bacteria in a bottle cap released into the liquid when the bottle is opened (Kregiel, 2015) . Traditional unrefined sources of prebiotics in the diet are soybeans, unrefined wheat and barley, and raw oats. The food market also offers products supplemented with prebiotics and synbiotics, such as fermented milk drinks, yogurts, fruit drinks, bread spread fats, meat products, mayonnaise, margarine, and pasta (Liutkevičius et al., 2016) .
Foods for lowering cholesterol level
Functional foods with cholesterol-lowering potential have attracted much interest as possible alternative therapies for lowering total plasma cholesterol in older individuals and, thus, in the prevention of CVD in older individuals. One option is the consumption of foods containing plant sterols (Scholle, Baker, Talati, & Coleman, 2009) , which have the structure of steroid alcohols and include phytosterols (e.g., -sitosterol, campesterol, and stigmasterol) and phytostanols (Ogbe, Ochalefu, Mafulul, & Olaniru, 2015) . Another option is to use plant sterols as supplements.
Sources
Primary sources of plant sterols in the diet are plant oils, soy seeds, nuts, fruits, and vegetables. An average serving of vegetables provides 100 to 350 mg of phytosterols and 20 to 50 mg of phytostanols (Baumgartner, Mensink, Husche, Lütjohann, & Plat, 2013) .
Functions
Phytosterols differ from cholesterol by having an additional methylene (campesterol and campestanol) or ethylene (sitosterol and sitostanol) group and may contain one or two double bonds in their chain causing slower absorption in the digestive tract (for example, sitosterol 3.1% to 3.7%, campesterol 9.7% to 12.4%). Trautwein et al. (2018) reported that an intake of plant sterols (2 g/day) led to a reduction in LDL cholesterol blood level in patients 58.7 ± 10.4 years old with or at risk of diabetes type 2. In other studies, a diet enriched with a combination of phytosterols and statins resulted in significant (12 mg/dL) reduction in LDL cholesterol level (Han et al., 2016) . Plant sterols and stanols are efficacious in food supplements and in all foods. According to Trautwein et al. (2018) , larger studies did no show gender and age by treatment interaction. The explanation for observed "age effect" is higher baseline of LDL levels that increase with increasing age.
According to the EU regulation, beneficial effects of plant sterols or stanols in the decrease of total blood cholesterol require a daily intake of at least 0.8 g (generally 2 g), either in one or more meals. The typical Western diet provides about 300 mg/day of phytosterols; therefore, to achieve the adequate intake, it is recommended to consume functional foods enriched with plant sterols and stanols (Cabral, Simas, & Klein, 2017) .
Several regulatory agencies around the world such as EFSA, Health Canada, and the U.S. Food and Drug Administration (FDA) approved the addition of phytosterols to T A B L E 5 Functional products for older adults-Summary
Ingredients

Functional products Functions
Dietary fiber Oat flakes, bran, grits, and flour, bread; fruit jams, dry fermented and bologna sausages and fish products, fermented milk drinks with Lactobacillus plantarum, and wholegrain oat; fruit drinks with oat -glucans.
Lowers concentration of blood glucose (4 g/day of -glucan from cereals) and cholesterol (3 g of soluble dietary fiber from oats), reduces constipation symptoms (for example, a product containing 8.3 g of fermentable fiber and 9.7 g of nonfermentable fiber per 100 g).
Omega-3 polyunsaturated fatty acids (PUFA)
Oils, margarine, bread spreads, bread, pasta and spaghetti, chocolate, milk drinks, and fruit juices supplemented with DHA and EPA.
Omega-3 FA (>2 g/day) lower the concentration of blood triglycerides and show small anti-arrhythmic and hypotensive effect. In older persons with mild memory disorder or Alzheimer's disease, supplementing the diet with DHA and EPA might improve health and regeneration of the nerve cell membrane, which slows down aging processes of the brain and prevents dementia.
Phytoestrogensisoflavones and lignans
Tofu, miso, tempeh, soy nuts, flour and sauce, soymilk soybean oil, soy bacon, cheese, "chicken-less" nuggets, corn dogs, hamburgers and hot dogs, cereal bars and ice cream; whole-grain cereal products, especially rye, and products with added flaxseeds, for example, bread.
Phytoestrogens act as weak estrogens, mitigating the symptoms of the menopausal heat flashes and insomnia, which improve hyperglycemia, glucose tolerance, and circulating insulin concentration. industrialized food products to reduce blood cholesterol level (Abumweis, Marinangeli, Frohlich, & Jones, 2014) . However, there is no evidence that plant sterols and stanols reduce the risk of CVDs. In addition, some investigations suggest an increased risk of atherosclerosis with increasing concentration of phytosterols in serum (Cabral et al., 2017) .
Plant stanols, saturated forms of plant sterols, are more effective compared with sterols in the lowering of total blood cholesterol levels (Berger, Jones, & Abumweis, 2004) . It has been reported that 1 to 3 g/day of stanols decreases the total cholesterol by 5% to 11% and LDL by 16%. The beneficial effect of stanols on blood cholesterol level was observed in older men, postmenopausal women, and patients with myocardial ischemia disease (Berger et al., 2004; Brüll & Mensink, 2009 ). Besides, plant stanols could decrease the aggregation of thrombocytes, which are associated with the lowering of cholesterol and LDL concentration in the blood (Table 4 ). In a randomized trial, healthy adults (n = 43, 18 to 70 years old) consumed a plant sterol-enriched (3.0 g/day of plant sterols), plant stanol-enriched (3.0 g/day of plant stanols), or control margarine for 4 weeks. The study found that consumption of margarine enriched with plant stanols reduced the level of the plant sterol oxidative metabolite (7b-OH-campesterol) by approximately 15% compared with the control and sterol-enriched margarine (Baumgartner et al., 2013) .
Phytosterols may also exhibit some anticancer activity through multiple mechanisms such as inhibiting production of carcinogens, growth of cancer cells, angiogenesis, metastasis, and stimulations of cancerous cells apoptosis (Woyengo, Ramprasath, & Jones, 2009 ).
Products
Functional products enriched with plant sterols include margarine spreads, cream cheese, yogurt and yoghurt drinks, maturing cheeses, milk drinks, mayonnaise, meat products, soy or rice-based drinks, salad and herb sauces, chocolate, and rye bread.
The bioactive ingredients discussed in the all text, with selected doses and their functions, are presented in Table 5 .
LIMITATIONS
Although the current review thoroughly explored recent research on functional food products among older adults, it is not without limitations. First, the review is descriptive and does not include all available studies in the area. However, we strived to include the results of several relevant conclusive RCTs and meta-analyses. Second, the review groups functional foods into well-accepted categories, but other classifications into groups and categories based on various criteria also are used. Third, the review considers older adults as a homogenous group of people older than over approximately 60 to 65 years old and does not acknowledge that nutritional needs can change with physiological aging, although many healthy eating needs remain the same for people of all ages. Fourth, functional foods have been developed in almost all food categories; however, their distribution over the market segments is not homogeneous. For example, product preferences vary among Europe, the United States, and Japan, but there are also significant regional differences in the acceptance of functional foods by consumers. The review did not analyze the region-specific data, although the availability of some functional food products in the various regions was described.
CONCLUSIONS
Consuming a balanced diet is the best way for older adults to avoid nutrient deficiencies and maintain good health. Agingrelated physiological changes and increased risk for chronic diseases make this task challenging. Thus, supplementing the diet and/or consuming functional foods with increased or modified content of nutrients or other bioactive compounds provides an attractive option that might prevent or manage chronic conditions in older adults.
Functional foods include traditional food products enriched in dietary fiber, omega-3 PUFA, phytosterols, and carotenoids. Several new groups of functional foods are targeting the prevention or lowering the risk of noncommunicable diseases, especially prevalent in older adults such as CVD, cancer, and diabetes type 2. Other functional foods are aiming at the specific condition as hypercholesterolemia or mitigating the effects of the menopause in women. The fast-growing group is foods supplemented with prebiotics, probiotics, and synbiotics, associated with gut health and well-being of older population.
FUTURE DIRECTIONS
The growing market for functional foods will continue to focus on specific health outcomes, such as improving gut health and heart health of older adults. The primary targets of functional foods most likely will be gastrointestinal functions, CVD, metabolic diseases such as diabetes type 2, bone health, and cognitive support. People striving to avoid digestive upsets drive the recent increase in the demand for probioticsupplemented and lactose-free dairy and plant "milk." Probiotics' use and their benefits for digestive health are science based and have obtained a rare regulator-approved health claim in the EU (van Loveren, Sanz, & Salminen, 2012) . Other potential areas of growth include functional foods prepared from plant protein sources and meat substitutes. The growing trend for foods that are considered as "naturally" functional is expected to continue. This group includes plantbased foods and beverages, whole-fat dairy, green juices, blueberry, almonds, and other tree nuts-based foods, seaweed snacks, and other foods predominantly of plant origin.
An essential element in the perception of functional food is its organoleptic properties and texture. In recent years, producers have designed so-called "3D printed" or "performance" foods, which ensure the look, taste, and consistency of traditional foods but are also enriched in nutrients adapted to individual characteristics and specific needs of a person. Research on the "3D printed" foods is carried out within the "Performance" project, conducted by a consortium of 10 companies from the EU countries to create new customized food products and preparing unique preparations tailored to specific dietary needs of individuals or groups (Grunewald, 2015; Kouzani et al., 2017) .
Nowadays, consumers, independent of age and presence of a nutrition-associated disease, more often use already accepted knowledge about the health benefits of a food product or a food compound as a primary criterion in their food selection, and this trend will most likely continue in the coming years. Thus, manufacturers should focus on marketing potential health benefits of functional foods with sound scientific evidence of their effect and an approved health claim. The health label declaration should be based on reliable clinical research proving the health-promoting effect of a given functional food product. The consumers should also be advised that the decision about consuming a product should be consulted with a physician or a dietitian.
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